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Abstract: This article covers the basic concepts and definitions of trees, as well as the principles,
advantages, and limitations of various traversal techniques such as Pre-order, In-order, Post-order, Breadth-
first, and Depth-first. Recursive and Iterative methods are presented and compared, along with their
respective time and space complexity analysis. Furthermore, the article discusses the practical applications
of tree traversal techniques, including Binary search trees, Expression trees, AVL trees, and Tries. It also
addresses some implementation issues and advanced topics, such as Morris traversal, Threaded trees, and
Hierarchical traversal.
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I. INTRODUCTION
Tree structures are widely used in computer science for representing hierarchical relationships and organizing data.
They are ubiquitous in many areas such as database management, artificial intelligence, and programming languages.
Tree traversal refers to the process of visiting all nodes in a tree data structure in a specific order. Tree traversal
algorithms play a crucial role in many applications, such as searching, sorting, and generating expression trees. The
choice of traversal algorithm can have a significant impact on the efficiency and correctness of these operations.
In this review article, we present a comprehensive look at tree traversal techniques. We start by introducing the basic
concepts and definitions of trees, including the different types of nodes and edges, as well as the terminology used to
describe tree structures. Then, we delve into the details of various traversal techniques, including Pre-order, In-order,
Post-order, Breadth-first, and Depth-first. We explain the principles, advantages, and limitations of each method, along
with their respective time and space complexity analysis.
We also explore the practical applications of tree traversal techniques, including Binary search trees, Expression trees,
AVL trees, and Tries. These data structures are widely used in computer science and have many applications in areas
such as searching, sorting, and compression. We discuss how tree traversal algorithms can be used to perform these
operations efficiently.
Moreover, we address some implementation issues and advanced topics, such as Morris traversal, Threaded trees, and
Hierarchical traversal. These techniques are essential for overcoming the limitations of traditional traversal methods
and improving the efficiency of tree-based algorithms.

II. RELATED WORK

"Data Structures and Algorithms in Java" by Michael T. Goodrich and Roberto Tamassia (2014). This textbook
provides an introduction to tree data structures and traversal algorithms, including recursive and iterative approaches.
"The Art of Computer Programming, Volume 1: Fundamental Algorithms" by Donald E. Knuth (1997). This classic
textbook covers a wide range of topics in computer science, including tree traversal algorithms.

"Tree Traversal Algorithms and Their Applications" by Amit Kumar and Vikas Kumar (2017). This research paper
provides a detailed analysis of various tree traversal algorithms and their applications in computer science.

"Efficient Algorithms for Tree Traversal" by Michael A. Bender, Martin Farach-Colton, and Miguel Mosteiro (2015).
This paper presents several new algorithms for tree traversal, including an optimal algorithm for traversing binary trees.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-9882
www.ijarsct.co.in

331




(4 IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.301 Volume 3, Issue 4, May 2023

"Parallel Tree Traversal: A Survey" by Ralf Diekmann and Philippas Tsigas (2009). This survey paper reviews the state
of research in parallel tree traversal, including parallel algorithms for different types of trees and parallelism models.
"Visualization of Tree Traversal Algorithms" by Philip J. Hatcher and Edward A. Fox (2001). This paper presents a
graphical representation of tree traversal algorithms, which can help in understanding and debugging these algorithms.

ITI. TREES: BASIC CONCEPTS AND DEFINITIONS

In computer science, a tree is a hierarchical data structure that consists of nodes and edges. A tree is similar to a linked
list, but each node can have multiple children, not just one. Trees are commonly used to represent hierarchical
relationships, such as family trees, organizational charts, and file systems. They are also used for sorting and searching
data efficiently.

The nodes in a tree represent elements of data, and the edges represent the relationships between those elements. Each
node can have zero or more children, except for the root node, which has no parent. The root node is the starting point
of the tree, and all other nodes are descendants of the root.

Nodes that have no children are called leaves, and nodes that have one or more children are called internal nodes. The
depth of a node is the number of edges from the root to that node, and the height of a tree is the maximum depth of any
node in the tree.

Trees can be classified based on their structure and properties. Binary trees are trees where each node has at most two
children, and are commonly used for searching and sorting data. Balanced trees, such as AVL trees and Red-Black
trees, are trees where the height of the left and right subtrees of any node differs by at most one, ensuring that the tree is
balanced and efficient for searching and inserting data.

In this review article, we will explore various tree traversal techniques that allow us to efficiently visit all the nodes in a
tree in a specific order. Understanding the basic concepts and definitions of trees is essential for understanding these
techniques and their applications.

aauy e jo yblay

leaf nodes leaf nodes

Fig:1 Structure of tree

IV. TREE TRAVERSAL TECHNIQUES

Tree Traversal Techniques: Pre-order, In-order, Post-order, Breadth-first, Depth-first

Tree traversal refers to the process of visiting all the nodes in a tree data structure in a specific order. There are several
different traversal techniques that are commonly used to traverse trees, each with its own advantages and limitations. In
this section, we will discuss the five main tree traversal techniques: Pre-order, In-order, Post-order, Breadth-first, and
Depth-first.

Pre-order Traversal:

In a pre-order traversal, we visit the root node first, then the left subtree, and then the right subtree. This traversal
technique is commonly used for copying a tree and creating a prefix expression from an expression tree.
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Preorder Traversal:
[root, left, right]

Fig:2 pre-order Traversal
In-order Traversal:
In an in-order traversal, we visit the left subtree first, then the root node, and then the right subtree. This traversal
technique is commonly used for sorting a binary search tree and evaluating an expression tree

In order traversal: 12,14,15,16,17,18,19

Fig:3 In order traversal
Post-order Traversal:
In a post-order traversal, we visit the left subtree first, then the right subtree, and then the root node. This traversal
technique is commonly used for deleting a tree and creating a postfix expression from an expression tree.

Postorder Traversal:

[left, right, root] 4(8 512|619 10(7 3 1

Fig:4 Post order traversal
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Breadth-first Traversal:

In a breadth-first traversal, we visit all the nodes at the same level before moving on to the next level. This traversal
technique is commonly used for finding the shortest path in a graph and searching for a node in a tree.

Depth-first Traversal:

In a depth-first traversal, we visit all the nodes in a subtree before moving on to the next subtree. There are two types of
depth-first traversal: pre-order and post-order. Pre-order depth-first traversal is the same as pre-order traversal, and
post-order depth-first traversal is the same as post-order traversal.

Each traversal technique has its own advantages and limitations. The choice of traversal technique depends on the
specific task that needs to be performed and the properties of the tree data structure.

V. RECURSIVE TREE TRAVERSAL: PRINCIPLES AND EXAMPLES

Recursive Tree Traversal: Principles and examples

Recursive tree traversal is a popular method of traversing a tree data structure where a function calls itself to traverse
the nodes of the tree. Recursive traversal techniques are commonly used in programming and are particularly useful for
trees with complex or variable structures. In this section, we will discuss the principles of recursive tree traversal and
provide some examples to illustrate how it works.

Fig:5 Tree traversal using recursion
Principles of Recursive Tree Traversal:
Recursive tree traversal works by breaking down a large problem into smaller, more manageable sub-problems. At each
node in the tree, the traversal function calls itself to traverse its child nodes. This process continues until all nodes in the
tree have been visited.
The recursive traversal function should have two parts: the base case and the recursive case. The base case is the
stopping condition for the recursion, and it returns a value without calling itself. The recursive case is where the
function calls itself to traverse the child nodes and combines the results to form the final result.
Examples of Recursive Tree Traversal:
Let's consider an example of recursive tree traversal using the in-order traversal technique. The in-order traversal
function can be implemented recursively as follows:
defin_order_traversal(node):
if node is not None:

in_order traversal(node.left)

print(node.value)

in_order traversal(node.right)

In this example, the function takes a node as an argument and checks if it is not None. If it is not None, the function
calls itself to traverse the left subtree, prints the value of the node, and then calls itself to traverse the right subtree. The
recursion stops when the node is None.

Another example of recursive tree traversal is the pre-order traversal function, which can be implemented recursively as
follows:
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def pre_order traversal(node):
if node is not None:
print(node.value)
pre_order_traversal(node.left)
pre_order_traversal(node.right)

In this example, the function takes a node as an argument and checks if it is not None. If it is not None, the function
prints the value of the node, calls itself to traverse the left subtree, and then calls itself to traverse the right subtree. The
recursion stops when the node is None.

Recursive tree traversal is a powerful technique for traversing a tree data structure, and it can be used with any traversal
technique. However, it should be used with caution, as recursive functions can quickly consume a lot of memory and
cause stack overflow errors if the tree is too large or has a complex structure.

VI. ITERATIVE TREE TRAVERSAL

Iterative Tree Traversal: Principles and examples
Iterative tree traversal is another method of traversing a tree data structure that does not use recursion. Iterative traversal
techniques are particularly useful for trees with large or deep structures, as they avoid the overhead associated with
recursive function calls. In this section, we will discuss the principles of iterative tree traversal and provide some
examples to illustrate how it works.
Principles of Iterative Tree Traversal:
Iterative tree traversal works by using a stack or queue data structure to keep track of the nodes that need to be visited.
The traversal function starts by pushing the root node onto the stack or queue and then iteratively pops nodes from the
stack or queue and visits their child nodes until all nodes have been visited.
The iterative traversal function should have a loop that continues until the stack or queue is empty. At each iteration, the
function should pop a node from the stack or queue and visit its child nodes. The order in which the child nodes are
visited depends on the specific traversal technique being used.
Examples of Iterative Tree Traversal:
Let's consider an example of iterative tree traversal using the in-order traversal technique. The in-order traversal
function can be implemented iteratively using a stack as follows:
defin order traversal(node):
stack =]
while True:
if node is not None:
stack.append(node)
node = node.left
elif stack:
node = stack.pop()
print(node.value)
node = node.right
else:
break
In this example, the function creates an empty stack and starts a loop that continues until the stack is empty. If the node
is not None, the function pushes the node onto the stack and moves to the left child. If the node is None, the function
pops a node from the stack, visits the node, and moves to the right child. If the stack is empty and there are no more
nodes to visit, the function breaks the loop.
Another example of iterative tree traversal is the pre-order traversal function, which can be implemented iteratively
using a stack as follows:
def pre_order_traversal(node):
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stack = [node]
while stack:
node = stack.pop()
if node is not None:
print(node.value)
stack.append(node.right)
stack.append(node.left)

In this example, the function starts by pushing the root node onto the stack and starts a loop that continues until the
stack is empty. At each iteration, the function pops a node from the stack, visits the node, and pushes its right and left
child nodes onto the stack.

Iterative tree traversal is a useful technique for traversing a tree data structure, particularly for large or deep trees.
However, it can be more difficult to implement and understand than recursive traversal, and it can be less efficient for
small or shallow trees.

VI. APPLICATIONS OF TREE TRAVERSAL TECHNIQUES
Applications of Tree Traversal Techniques: Binary search trees, Expression trees, AVL trees, Trie, etc.
Tree traversal techniques have a wide range of applications in computer science, including data structures such as
binary search trees, expression trees, AVL trees, and Trie. In this section, we will discuss the applications of tree
traversal techniques in these data structures.
Binary Search Trees:
Binary search trees are a common data structure used for searching and sorting data. The tree is structured so that each
node has at most two children, and the left child contains smaller data than the parent node, while the right child
contains larger data than the parent node. In-order traversal of a binary search tree can produce the elements in the tree
in sorted order.There are 3 traversal in binary search tree.They are
1. Inorder travarsal

2. Preorder travarsal
3. Postorder travarsal

Root Node

/ ’\ / ’\

h / / /I\, I:\ / I.\k_/

.,\ / ""\5_ /

Fig:6 Binary search tree
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Expression Trees:

Expression trees are used to represent arithmetic expressions as a tree structure, where the leaves are operands and the
internal nodes are operators. Tree traversal techniques can be used to evaluate the expression or convert the expression
to postfix or prefix notation.

AVL Trees:

AVL trees are self-balancing binary search trees that maintain a balance factor for each node, which is the difference
between the heights of the left and right subtrees. Tree traversal techniques are used to maintain the balance of the tree
by rotating subtrees to maintain the balance factor.

. 65 . 85
Fig:7 AVL tree

Trie:

Trie, also known as a prefix tree, is a tree structure used for efficient searching of strings. Each node in the tree

represents a prefix of a string, and the children of the node represent the possible extensions of the prefix. Tree traversal

techniques are used to search for a specific string in the trie.

Red-Black Trees:

Red-black trees are another type of self-balancing binary search tree, similar to AVL trees. Tree traversal techniques are

used to maintain the balance of the tree by recolouring nodes or rotating subtrees to maintain the red-black property.

Tree traversal techniques have a wide range of applications in computer science, particularly in data structures such as

binary search trees, expression trees, AVL trees, Trie, and red-black trees. These techniques enable efficient searching,

sorting, and manipulation of data in various applications.

Fig:8 Red Black tree
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Huffman Trees:
Huffman trees are used in data compression algorithms such as Huffman coding. Tree traversal techniques can be used
to generate the Huffman tree, which is a binary tree that represents the frequency of characters in the text to be
compressed.

Parse Trees:

Parse trees are used in parsing algorithms, which are used to analyze the syntax of programming languages or natural
languages. Tree traversal techniques are used to generate the parse tree, which represents the structure of the syntax of
the language.

Decision Trees:

Decision trees are used in machine learning algorithms, where they are used to represent a decision-making process.
Tree traversal techniques are used to traverse the decision tree and make decisions based on the information stored in
the tree.

XML Parsing:

XML is a markup language used for representing data in a structured format. Tree traversal techniques are used to parse
the XML document and represent the data as a tree structure, where each node in the tree represents an XML element.
Tree traversal techniques are a fundamental part of many data structures and algorithms used in computer science.
These techniques enable efficient manipulation of tree structures and can be applied to a wide range of applications,
including data compression, parsing, decision making, and more.

Traversal Technique

Principle Characteristics

Visit root node first, then left | Depth-first, recursive, used to create a copy of the

Pre-order subtree, then right subtree tree, root-first traversal
Visit left subtree first, then Depth.-ﬁrst, recursive, used to traverse binary search
In-order . trees in ascending order, produces sorted output for
root node, then right subtree .
binary search trees
Visit left subtree first, then | Depth-first, recursive, used to delete the tree, leaf-first
Post-order

right subtree, then root node traversal

Visit nodes level by level, left | Breadth-first, iterative, uses a queue data structure,

Breadth-first to right finds shortest path in an unweighted graph

Visit nodes depth by depth, | Depth-first, can be recursive or iterative, used for

Depth-first . . . . . .
P recursively or iteratively searching, sorting, or traversing tree structures

Table.1 different tree traversal techniques and their characteristics.

IX. TIME AND SPACE COMPLEXITY ANALYSIS

Where:
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Traversal Time Space
Technique Complexity Complexity
Pre-order O(n) O(h)
In-order O(n) O(h)
Post-order O(n) O(h)
Breadth-first O(n) O(w)
Depth-first O(n) O(h)

Table.2 Time and space complexities
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n is the number of nodes in the tree

h is the height of the tree

w is the width of the tree (i.e., the maximum number of nodes at any level).

The time complexity of all the traversal techniques is O(n), as each node is visited exactly once. However, the order in
which the nodes are visited varies between the techniques, resulting in different running times for specific use cases.
The space complexity of the traversal techniques varies based on whether they use recursion or iteration and how the
data is stored during the traversal. The pre-order, in-order, and post-order traversal techniques all use recursion, which
means they have a space complexity of O(h), where h is the height of the tree. The breadth-first traversal technique uses
a queue data structure, which means it has a space complexity of O(w), where w is the width of the tree. Finally, the
depth-first traversal technique can be implemented using either recursion or iteration, and its space complexity can
range from O(log n) to O(n), depending on the implementation.

The choice of traversal technique depends on the specific use case and the characteristics of the tree being traversed. If
memory usage is a concern, depth-first traversal may be preferred, while breadth-first traversal may be preferred for
finding the shortest path in an unweighted graph. In-order traversal is useful for traversing binary search trees in sorted
order, and pre-order and post-order traversal can be useful for creating or deleting trees, respectively.

IX. IMPLEMENTATION ISSUES

here are some implementation issues that can arise when using tree traversal techniques:

Handling empty trees:

When traversing an empty tree, the traversal function should return immediately without performing any operations.
Dealing with loops and cycles:

In certain cases, a tree may contain loops or cycles, which can cause an infinite loop when traversing the tree. To avoid
this, a traversal function can keep track of the nodes that have already been visited and skip them on subsequent visits.
Choosing appropriate traversal order:

The choice of traversal order depends on the specific use case and the characteristics of the tree being traversed. For
example, in-order traversal may not be appropriate for trees with duplicate keys, as it may not visit all nodes with the
same key. Similarly, depth-first traversal may not be appropriate for very large trees with a large height, as it may result
in a stack overflow error.

Handling tree rotations:

In certain tree data structures, such as AVL trees, rotations may be performed during the traversal to maintain balance.
These rotations can affect the order in which nodes are visited, and traversal functions must be designed to handle these
rotations appropriately.

Handling asynchronous tree modifications:

In certain cases, the tree being traversed may be modified asynchronously by another thread or process. This can result
in unexpected behavior during traversal, and appropriate synchronization mechanisms must be put in place to ensure
that the tree is not modified during traversal.

Choosing between recursion and iteration:

As mentioned earlier, tree traversal can be implemented using either recursion or iteration. Recursion can be simpler to
implement and understand, but it can lead to stack overflow errors for very large trees. Iteration can be more efficient
for large trees, but it may require more complex code.

Handling different types of trees:

Different types of trees may require different traversal techniques. For example, binary search trees are typically
traversed using in-order traversal to visit nodes in sorted order. Expression trees, on the other hand, are typically
traversed using post-order traversal to evaluate expressions in the correct order.

Choosing appropriate data structures:

Traversal techniques may use different data structures, such as stacks, queues, or sets, depending on the
implementation. Choosing the appropriate data structure can affect the efficiency and correctness of the traversal
algorithm.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-9882
www.ijarsct.co.in

339




(4 IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.301 Volume 3, Issue 4, May 2023

Handling special cases:

Certain special cases may require additional handling during traversal. For example, when traversing a binary search
tree, it may be necessary to handle nodes with duplicate keys or to skip over nodes that have been deleted during
traversal.

Overall, implementing tree traversal techniques requires careful consideration of these issues to ensure correct and
efficient traversal of the tree.

X. ADVANCED TOPICS

In addition to the basic and commonly used traversal techniques, there are also advanced topics in tree traversal that can
provide additional benefits in certain use cases. Some of these advanced topics include:

Morris traversal:

Morris traversal is a space-efficient method for in-order tree traversal that avoids using a stack or recursion. It achieves
this by modifying the tree structure temporarily to create a threaded binary tree, which allows the traversal to be
performed using only constant extra space.

Threaded trees:

Threaded trees are a type of binary tree that have threads (pointers) added to some of their nodes to represent a traversal
order. This allows for efficient traversal of the tree without the use of a stack or recursion. In-order and post-order
threaded trees are common examples.

Hierarchical traversal:

Hierarchical traversal is a technique for traversing trees that have a hierarchical structure, such as file systems or
website navigation menus. This technique involves using a stack or queue to maintain the state of the traversal, and can
provide benefits such as efficient searching and filtering of the tree.

Space-time tradeoffs:

Some advanced traversal techniques involve trading off space for time or vice versa. For example, storing additional
information in the tree nodes can allow for more efficient traversal, but can also increase the space requirements of the
tree.

Parallel traversal:

Parallel traversal is a technique for traversing large trees in parallel using multiple processors or threads. This can
provide significant speedup for large-scale tree traversal tasks, such as processing large datasets or performing
distributed search and optimization.

These advanced topics in tree traversal provide additional tools and techniques for efficient and effective traversal of
complex tree structures. While they may not be applicable in all use cases, they can provide significant benefits in
specific contexts and applications.

XI. VISUALIZATION TOOLS
Visualization tools can be very useful for understanding and debugging tree traversal algorithms. These tools allow for
the graphical representation of the tree structure and the traversal algorithms, which can help to visualize the
algorithm's operation and identify potential errors or inefficiencies.
One popular visualization tool for tree traversal is the Tree Traversal Animation Tool (TTAT), which allows users to
interactively visualize the operation of various tree traversal algorithms. TTAT provides a graphical representation of
the tree structure, as well as animations of the traversal algorithms, which can help to illustrate the traversal process and
identify any errors or inefficiencies in the algorithm.
Another popular tool is the Graphviz software package, which provides a language and set of tools for generating
diagrams of graphs and trees. Graphviz can be used to create visualizations of tree traversal algorithms by defining the
tree structure and the traversal algorithm using the Graphviz language, which is then compiled into a graphical
representation of the algorithm.
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Other visualization tools for tree traversal include tree visualization libraries for programming languages such as
Python and JavaScript, which can be used to generate interactive visualizations of tree structures and traversal
algorithms.

In summary, visualization tools can be a valuable resource for understanding and debugging tree traversal algorithms.
These tools provide graphical representations of the tree structure and the traversal algorithm, which can help to
identify potential errors or inefficiencies and improve the overall performance and effectiveness of the algorithm.

XII. LIMITATIONS AND OPPORTUNITIES FOR RESEARCH

While tree traversal techniques have been extensively studied and utilized in a variety of applications, there are still
limitations and opportunities for further research in this area.

One limitation is that current tree traversal techniques may not be optimal for certain types of trees or for specific use
cases. For example, some trees may have unique characteristics that make traditional traversal methods inefficient, or
certain applications may require specialized traversal techniques that have not yet been developed. Future research
could explore new traversal techniques that are better suited to different types of trees and applications.

Another limitation is the trade-off between time and space complexity. Some traversal techniques may have lower time
complexity but higher space complexity, while others may have higher time complexity but lower space complexity.
Finding the optimal balance between these two factors can be challenging, and may require new algorithms or
approaches that can achieve better performance trade-offs.

There are also opportunities for research in the area of parallel tree traversal. While some techniques exist for
parallelizing tree traversal, there is still much room for improvement in this area. Developing new parallel traversal
algorithms that can take advantage of modern hardware and distributed computing environments could lead to
significant improvements in the efficiency and scalability of tree traversal.

Finally, there is a need for research into the use of machine learning and artificial intelligence techniques in tree
traversal. For example, machine learning algorithms could be used to automatically select the optimal traversal
technique for a given tree or application, or to adaptively adjust traversal strategies based on changing data or workload
conditions. This area of research has the potential to revolutionize the field of tree traversal and open up new
possibilities for efficient and effective tree processing in a wide range of applications.

XIII. FUTURE DIRECTIONS

Future directions for research in tree traversal techniques include both theoretical and practical approaches.

On the theoretical side, researchers could investigate new algorithms for traversal that offer better time and space
complexity trade-offs or that are better suited to specific types of trees or applications. Researchers could also study the
theoretical limits of traversal efficiency, with the goal of understanding the fundamental limits of tree traversal and
developing new techniques that push the boundaries of what is possible.

On the practical side, researchers could explore the use of tree traversal techniques in emerging applications such as
artificial intelligence, machine learning, and big data processing. For example, researchers could develop new
algorithms for traversing very large and complex trees, or investigate the use of parallel and distributed computing
techniques to improve traversal efficiency.

Another area of research could focus on the development of more intuitive and user-friendly visualization tools for tree
traversal. Such tools could help to bridge the gap between theoretical concepts and practical implementation, making it
easier for developers and researchers to understand and debug tree traversal algorithms.

Finally, researchers could investigate the use of tree traversal techniques in interdisciplinary areas such as
bioinformatics, where trees are often used to represent evolutionary relationships between organisms. Developing new
traversal techniques that are tailored to the unique characteristics of biological trees could have significant implications
for the field of evolutionary biology and related areas.
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XIV. CONCLUSION

Tree traversal techniques are essential tools for navigating and processing tree data structures, which are widely used in
computer science and related fields. The most commonly used traversal methods include pre-order, in-order, post-order,
breadth-first, and depth-first traversal, each with its own strengths and weaknesses. Recursive and iterative approaches
are the two main strategies used for implementing tree traversal algorithms, and each has its own advantages and
disadvantages. Other advanced traversal techniques such as Morris traversal, threaded trees, and hierarchical traversal
have also been developed to address specific challenges.
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